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Abstract: Anthocyanidin reductase (ANR) is one of the key enzyme in the flavonoid biosynthetic pathway,
and its catalytic activity is important for the synthesis of plant anthocyanin. In this study, specific primers were
designed according to the transcriptome data of Lonicera japonica Thunb., and the CDS, gDNA and promoter
sequences of ANR genes from Lonicera japonica Thunb. and Lonicera japonica Thunb. var. chinensis (Wats.) Bak.
were cloned. The results showed that the CDS sequences of LjANR and rLjANR were 1 002 bp, the gDNA
sequences were 2 017 and 2 026 bp respectively, and the promoter sequences were 1 170 and 1 164 bp respectively.
LjANR and rLjANR both contain 6 exons and 5 introns, which have the same length of exons and large differences
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in introns. The promoter sequences both contain a large number of light response, hormone response and abiotic
stress response elements. Bioinformatics analysis showed that both LjANR and rLjANR encoded 333 amino acids
and were predicted to be stable hydrophobic proteins without transmembrane segments and signal peptides. The
secondary structures of LjJANR and rLjANR were predicted to be mainly consisted of a-helix and random coil.
Sequence alignment and phylogenetic analysis showed that LjANR and rLjANR had high homology with Actinidia
chinensis var. chinensis, Camellia sinensis and Camellia oleifera, and were closely related to them. The expression
levels of LijANR and rLjANR were the highest in flower buds and the lowest in roots. The expression patterns at
different flowering stages were similar, with higher expression levels in S1 and S2 stages and then gradually
decreased until reaching the lowest level in S4 stage, after a slow increase in S5 stage, the expression levels
decreased again. The expression levels of ANR genes in the two varieties showed significant differences in roots,
S2 and S5 stages, while the differences in stems, flower buds, S1, S3 and S6 stages were extremely significant. The
prokaryotic expression vector pET-32a-LjANR was constructed for protein expression. The target protein was
successfully expressed of about 59 kD. This study lays a foundation for further study on the function of ANR gene
and provides theoretical guidance for breeding new varieties of Lonicera japonica Thunb.
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Table 1 Primer sequences used in this study

Primer Primer sequence Usage
LjANR-F ATGGCAGCTCAACAACCTACTGCGT CDS and gDNA amplification
LjANR-R TCAGTTCTGCAGTAACCCTTTGGCC
PLjANR-F AGAGAGGGGGAAGGAGGG Promoter amplification
PLjANR-R TACTCTCTCTCTATTGGCTTTCTCC
qLjANR-F ACCTACTGCGTGTGTTGTGGGAG qRT-PCR
qLjANR-R TCGTTTCGTCGGTTAAGTCTGCT
LjG6PD-F GACCCAACAGTTCCTGACAA Reference gene
LjG6PD-R GCTTTCCCTGCCTTGAGTATAA
P32LjANR-F ACAAGGCCATGGCTGATATCGGATCCATGGCAGCTCAACAACCTACTGCGT Prokaryotic expression
P32LjANR-R CAGTGGTGGTGGTGGTGGTGCTCGAGTCAGTTCTGCAGTAACCCTTTGGCC
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Figure 1 PCR amplification analysis of LjANR and rLjANR. A: CDS cloning results of LjANR and rLjANR; B: gDNA cloning results of

LjANR and rLjANR; C: Promoter cloning results of LjANR and rLjANR; M: DL2 000 DNA marker

CAGCTCAACAACCTACTGCGTGTGTTGTGGGAGGCACCGGTTTTGTTGCATCTTCGCTCATAAAGCTA
l1 M A A Q Q PT A CV VG G TGF VAS S LI K L

73 TTGCTTGAGAAAGGCTACTCTGTTAATGCCACTGTTAGAGATCCTGATAATCAGAAAAAGGTTTCTCACCTT
2 L L E K GY SV NA T VRDUP DNOQ K K V S HL

145 CTAGCACTGGAGAGTTTGGGCAGCTTAAAAATCTTCAAAGCAGACTTAACCGACGAAACGAGCTTCGATGCT
49 L AL E S L G S L K I F K A DUL T DE T S F D A

217 CCTGTGACTGGCTGTGATCTAGTGTTCCACGTTGCAACCCCTGTCAACTTTGATTCTCAAGATCCAGAGAAT
77 p VvV T G C DLV F HV AT PV NTF DS Q D P E N

289 GACATGATAAAACCAGCAATCCAAGGTGTCCTCAATGTTTTAAAAGCTTGTAAAAAAGCCGGAACAAAACGC
97 D M I K P A 1 Q G VL NVL K ACI K K A G T K R

361 GTCGTTTTGACATCATCGGCAGCTACAGTATCGATCAATCAGCTCAACGGGACAGGTCTGGTTATGGATGAG
26010'v v L T S S A AT VS I NQL N G TG L VM DE

433 TCCAACTGGAGCGATGTTGAGTTTTTGACTACTGTCAAGCCACCCACTTGGGGATATCCAGTCTCTAAGACA
45 S N w S DV E F L TT VK P P T WG Y P VS KT

505
169

CTAGCTGAAAAGGCAGCGTGGAAATTTGCTGAAGAAAATAAGATTGATCTGATTACTGTCATTCCTAGTCTC
L AE K A AWKV FAEE NJIK T DU LTI TV I P S L
577 ATGGCTGGTTCTTCCCTCACTTCGGACATCCCCAGCAGTATCGATCTAGCCACTGCCTTGATCACCGGGAAT
199 M A G S S L T S DI P S S I DL AT AL T T G N

649 GAGGTCCTCTTAAATGCGATGAAAGGTATGCAGATGCTTTCGGGTTCAATCTCGATTTCACATGTGGAGGAT
27 E VvV L.L N AM K GMAQMULS G S I S I S H V E D

121
241

GTATGCCGCGCCCAAATGCTTGTGGCTGAAAAAGAATCGGCTTCTGGGCGTTACATTTGCTGTGCCGTCAAT
VCRAQMULY A E K ES AS G RY I CC AV N

793 ACTAGTGTTCCTGAGCTGGCTAAGTTCCTCGAGAAAAGATACCCCCAATACAACGTCCCTGCCGATTTTGGA
25 T S v P E L A K FL E K RY P QY NV P ADTF G

865
289

GATTTCCCCTCTAAGGCAAAATTGATACTCTCATCGGAAAAGCTTACCAAGGAGGGGTTCAGTTTTAAGTAC
b F PS K AK UL T L SS E K LT KE G F S F K Y

937 GGGATCAAAGAAATTTACGACGAATCTGTGGCCTACTTCAAGGCCAAAGGGTTACTGCAGAAC
33.1 K E I YD E S V A Y F K A K G L L Q N *

Figure 2 Nucleotide and deduced amino acid sequences of LiANR and rLjANR gene. Pane indicates codon and termination codon, gray

indicates different nucleotides and amino acids
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W 7 J5 11 CDS F1 gDNA 5 41 2 22 GSDS 2.0 J5 & 8,
LiANR F rLjANR He RV &4 6 AN M T S AS N &1
(K 3), H 75075 & HAZ AR 3B (1 GT-AG VE N .
2T EL B R B, LIANR 1 rLjANR % K] f b S5 5 1E 3
K741 B A, Gl 3 B, {2 6 Mo 1
KA — 501, 8953 318 118.167.198.160.214.145 bp,
MNEFRIKEFERKES, LANREFINEF
K 73 i 9 30683 166236224 bp, rLjANR 3 [ (]
W& T KN 312.83.167.239.223 bp (K3).
3 LjANRFrLjANR R B FHI T ER 74

B FAE R R Rk A i B T OAER, N T
A LiANR F1 rLjANR & [R5 0 PR $ ALEE, 53 51 DL 2
K FN4L A 2 & LR 20 DNA SRR, #4551 4
PLiANR-F/R AT JA I T4 34, ¥ 34 )5 4 43 2 K &)
1200 bp %47 (EI1C). K 38 =M& R IR J5
R 5 3RAF A R ANR 3 K ) 3 F 8 9 )
N1 170 F1 1 164 bp, J7 5 LU R ILH 4% )6 81 P SIAFAE
2 MR FE I B 4. A PlantCARE U4 X 5 31 1)
it XA FH 76 At 3R AT R0, 30 1 6 BT ) S 301 R BT
E AR F oA & A R, R 2 BR, B T TATA-
box il CAAT-box 55 FE A oA 41, 16 84 K 5 1) 6w v
JEF GT1-motif. Box 4.I-box 2, £ 4= il I & s fF

WRE 3.STRE.ARE &, S5 % 6T GARE-motif .
CGTCA-motif\ ABRE % (% 2). L B3R, LiANR il
rLiANR B£8R J3 21 56 % e N 18 32 R A 080 3R R i 455
o 38 58 A SRS R AR A, AT I 4% ANR FE R 1) K3,
TE 204 B HE K R BRI B 5% e o 17 3o o R 4 R
TEM .
4 LANR M rLjANR EERIBEANEVERZF
S

3 L 2 X3k 50 BT AT, LiANR I rLjANR % [H] 2
T 1) B AR ARALL, AN AR IR MBI ZE A o ProtParam 7T
LI K& B, LiANR R rLiANR 55 1 10 5 T &AL, 2
HL 389 5.57, HAESJE TA 2 Bk R B (R 3). K
FH SOPMA £ 4% T. H. 43 #r Tl LjANR A1 rLjANR 55 11 1)
TOREER I, 2 B AR AR o B e AN HE )
B WA R, B4 B AT o L B b (3R 3).

NCBI CD-Search 73 41 & 3, LjANR #1 rLjANR &
F1 25 M3 o BT 45 SR A R], a0 B 4A B, 2 NS R
A 3ANTREAL A, B AL 5 NADP 4 A 07 05 R Y
g oA, B TR O R R LA 1 OR <1 45 4 S FR-
SDR-e [flavonoid reductase (FR), short-chain dehydro-
genases/reductases (SDR), extended (e), 25 3% i id: J& it -
T B i SR R ] (B 4A)
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Figure 3 Genome structure analysis of LjANR and rLjANR gene
Table 2 cis-Acting elements in promoters of LijANR and rLjANR
Element name Core sequence Number Function
TATA-box ATATAT; TATATA; TATA; TATACA; 78 Core promoter element around -30 of transcription start
TATAAAA; ATTATA; TATAAAT

CAAT-box CAAAT; CAAT; CCCAATTT; CCAAT 20 Common cis-acting element in promoter and enhancer regions
GT1-motif GGTTAA 1 Light responsive element
Box 4 ATTAAT 2 Part of a conserved DNA module involved in light responsiveness
I-box gGATAAGGTG 1 Part of a light responsive element
Spl GGGCGG 2 Light responsive element
GATA-motif GATAGGA 1 Part of a light responsive element
G-Box CACGTG; TACGTG 2 cis-Acting regulatory element involved in light responsiveness
MRE AACCTAA 1 MYB binding site involved in light responsiveness
GARE-motif TCTGTTG 1 Gibberellin-responsive element
CGTCA-motif  CGTCA 1 cis-Acting regulatory element involved in the MeJA-responsiveness
ABRE ACGTG; CACGTG 3 cis-Acting element involved in the abscisic acid responsiveness
ERE ATTTCATA; ATTTTAAA 2 Ethylene responsive element
WRE 3 CCACCT 2 Damage and defense response element
STRE AGGGG 6 Osmotic stress response element
ARE AAACCA 2 cis-Acting regulatory element essential for the anaerobic induction
MYB CAACAG 1 MyB-binding site
MYC CATTTG/CAATTG 4 MyC-binding site
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Table 3  Physical and chemical properties and secondary structures analysis of LJANR and rLjANR proteins. pl: Isoelectric point; kD:

Kilodalton; GRAVY: Grand average of hydropathicity

Physical and chemical property

Secondary structure/%

Protein Amino acid Molecular Instability Alpha Random Extended Beta

number Pl weight/kD GRAVY index helix coil strand turn
LjANR 333 5.57 35.9063 0.017 26.46 41.74 36.34 14.41 7.51
rLjANR 333 5.57 359184 0.032 26.21 42.64 36.04 13.81 7.51

] F ExPASy-ProtScale £ £k T. & ¥ Hphob./Kyte&
Doolittle 5% %t LJANR FIl rLjANR 25 [1 35/ /K P 20 #r
RIL, 2 AN A ZEK (FE) FEK (EH) RN
oA A F], ANAFAE — AL 22 57, WP 4B Hh (1 B R
BT~ 540 2 M EANIEESENEZ T fE
B, AR IT2ANEA R T EK RSO IEE, HE
W24 B A 2B K E O, HARAES 89 fir & ik
1 53 B fo i 9 2,178, B /K 1 B 5k, 26 40 1 41 47 43 {8 5
K A-2.633, SE7K M (1 4B).

i It Signal P 4.1 Server X {5 5 ik #0ill & B, 2 4
B EAE S T 25 AR, ~F 32045 5 K4 B (mean S)
¥IM0.312, 16T 0.5 (1 40), £ 2 & A LA AFAE
G5k, PTREAE G AL R, AN AELE S B R A .

TMHMM 43 H7 #5 5 45 #) % L, LiANR 1 rLjANR %
FAAEAE R 45K (K 4D), R EA TR g€ T 50
TR o
5 LjANR F1 rLjANR £ E 415 8 £ 8 F 5 E IR M L
5 RGHA

H4 LiANR F rLjANR %= R 9 15 1) 28 B 18 17 41) 43 il
£ NCBI i 1T BlastP tt%F, P9 & Lo 45 R AH L. B
LjANR £ (01, 45 8 KB LjANR 5 H 4250 ik L 2%
P TS v KA G IR R 1) ANR LA 88 3 119 [
PEE, FJEYE 5 9 83.83%+.82.93%.83.23%+.80.54%
80.84%. iHil DNAMAN 6.0 %4 ik & 2R 7 51
HEAT 2 B 4T, 45 SRR LI 6 i 4 ANR 2 1)
SAHALFE ik 89.66%, H BT B A e B Ok 55 1) I 1AL
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Figure 4 Bioinformatic analysis of LjANR and rLjANR proteins. A: Conserved domains prediction; B: Hydrophobicity analysis. The

dashed ellipses indicate the difference of LjANR and rLjANR (>0 means hydrophobicity, <O means hydrophilicity); C: Signal peptide

prediction; C-score: Raw cleavage site score; S-score: Signal peptide score; Y-score: Combined cleavage site score; Mean S: Average

S-score of possible signal peptides; D score: Discrimination score; D: Transmembrane structure prediction
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)ﬁ: AIOZ\SIZG\YIM\KIM ( 5), %Eﬂ ANR%EIEJ‘&{’Kﬁ
RS ERT M. HAh, XL B TR T 51 N i &
— AN FE AR SF I NADP(H) 45 4 X (G-G-X-G-X-X-A),
HAFR e A — AN AR B X (E]5).

% BY GenBank 3 it 4 19 i R 4 ) ANR ‘&0 2
731, FIH MEGA 6.0 8t 3K FH 41 42 1544 2 ANR 4 2k
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Y1) ANR & (RO U2 A E R, FRHE K2
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BB AR o0 IR, [ AL RS AE H 0 A SRRk L ik
a5 HAG RIRIE RS & B RAE— KX H . LjANR
A TLjANR £ (A1 L2 H O Z B 200, A% H
AR 2% S AL B AE H BBk B K BRI Ak ANR 2 5
RBN—ANKRAH, RABGXRBOE, MORIEE
15 KRR K AR 40 KRBT (K6).

6 LjANRF1rLiANR EEHIFRIEER 77

Tl b 1R ANR JE R #R & 7E A6 35 P I R0 i v, AR A
ik ERAK, AKX A ZLIEE P HIFRIE R 7)
AR 387 F1173 1% (K 7A).

NHE—0 T R ANR R )R IE B, AR AL
MY ANRIERAE B LML AZE AR RIERE.
SR AL R BT LA N %075 S1. =7 S2. - S3.
KA S4 7L S5 478 S6. ATE ST L AK B, i T
JHAE A RNA 5 B fif, AT 70 B T S1-S6 3 cDNA #:
mn 13E 4T 98 6 € & PCR 73 #r (B 7C). 45 R 4 &l 7B fr
7N, ANR 3[R 75 20 4 RN 41 1 B A& AN TR FE A B A AR AL
F BRI b R, #0276 S4 B3R 1A & eIk, S1 A1
S2 WIRIE EAN B . ARG, N S2 AT IhRIA &
BN MaA, HE S4WIERIRIK, 2 )J5/E S5 A
—AMNEEN EIHERIEEBR T (K 7B).

A TF) ity o 35 PR 30k 5 0 M R BN, ANR 55 [RI 7R 7 4
LA A AR S2 1. S5 M2 7 5.2 (P <0.05), 2%,

AT A ANR FERAE AN R 2 23 P 1 2R iR 4 2, e Y
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S ONREAR, HEAT U OGE B PCR T &5 K0, 24N,
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Figure 5 Multiple sequences alignment of LjANR and rLjANR compared with ANR proteins of other plants. Ac: Actinidia chinensis var.
chinensis PSS10333.1; Cs: Camellia sinensis ADZ58166.1; Co: Camellia oleifera QBK50747.1; Vc: Vaccinium corymbosum AYC35398.1;

Va: Vaccinium ashei BAM42668.1. The sequences in the boxes are NADP(H) binding sites, the underlined part is the Leucine zipper area,

active sites are marked with *
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Figure 6 Phylogenetic tree of LjANR and rLjANR with ANR proteins from other plants
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Figure 7 Expression pattern analysis of LjANR and rLjANR gene. A: Relative expression levels of LjANR and rLjANR gene in different

tissues; B: Relative expression levels of LjANR and rLjANR gene in different florescence. P < 0.05, P < 0.01; C: Flowers at six stages (S1-

S6) from Lonicera japonica Thunb. and Lonicera japonica var. chinensis (Wats.) Bak.
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Figure 8 SDS-PAGE of the recombinant protein of LjANR. A: SDS-PAGE of expressed LjANR fusion protein with different induction
times; B: SDS-PAGE of expressed LJANR fusion protein with different IPTG concentrations; C: SDS-PAGE of expressed LJANR fusion
protein with different induction temperatures. 1, 6, 12: Before induction of pET-32a-LjANR; 2-5: 2, 3, 4, 15 h after 25 °C induction of
pET-32a-LjANR; 7-11: Induction of 0.2, 0.4, 0.6, 1.0, 2.0 mmol-L"IPTG; 13, 15, 17: Induction after 37, 25, 20 °C; 14, 16, 18: Supernatant

of lysate after sonication on 37, 25, 20 °C; M: Protein molecular weight markers
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